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Abstract

Gene therapy has broad prospects as an effective treatment for some cancers and hereditary diseases. However, DNA and siRNA
are easily degraded in vivo because of their biological activities as macromolecules, and they need the effective transmembrane
delivery carrier Selecting the appropriate carrier for delivery will allow nucleic acid molecules to reach their site of action and
enhance delivery efficiency. Currently used nucleic acid delivery vectors can be divided into two major categories: viral and non-
viral vectors. Viral carrier transport efficiency is high, but there are safety issues. Non-viral vectors have attracted attention
because of their advantages such as low immunogenicity, easy production, and non-tumorigenicity. The construction of safe,
effective, and controllable vectors is the focus of current gene therapy research. This review presents the current types of nucleic
acid delivery vehicles, which focuses on comparing their respective advantages and limitations, and proposes a novel delivery
system, RNTs, a novel nanomolecular material, introducing the characteristics and nucleic acid delivery process of RNTs and

their latest applications.
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1 Introduction

A nucleic acid delivery system is a carrier system capable of
encapsulating and delivering exogenous genetic material into
specific cells. The exogenous genetic material that is delivered
into cells [DNA or small interfering (siRNA)] can be effec-
tively expressed, and the delivery vector itself has low toxicity
and does not interfere with the expression of genetic material.
The pathway of in vivo mRNA delivery is presented in Fig. 1.
Vectors need to extravasate from the bloodstream to reach
target tissues, which requires certain characteristics of parti-
cles and specific ligands, and mediate cell entry and
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endosomal escape by specific ligands and pivotal components
of the carrier (Meng et al. 2017).

Nucleic acid delivery vectors are classified as biological
vectors (mainly viral vectors) and non-biological vectors
(mainly chemical substances). The virus itself has the ability
to infect cells, which can be easily introduced into target cells
as a carrier of nucleic acid molecules; however, the prepara-
tion process of viral vectors is complicated, the size of the
foreign gene carried is limited, and there is immunogenicity.
These issues limit the clinical applications of viral vectors.
Most non-viral vectors are compounds that are positively
charged under physiological conditions, such as cationic
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Systemic delivery
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Fig. 1 Pathway of in vivo mRNA delivery. Vectors need to extravasate
from the bloodstream to reach target tissues, which requires certain
characteristics of particles and specific ligands, and mediate cell entry
and endosomal escape by specific ligands and pivotal components of
the carriers

polymers and cationic liposomes. They enter target cells
through the principle of charge interaction combined with
the negatively charged nucleic acids and through endocytosis.
Their preparation process is relatively simple and they have no
immunogenicity; however, such vectors are less efficient to
introduce foreign genes than viral vectors.

1.1 Viral vectors

Viral vectors are a common tool in molecular biology re-
search and can deliver genetic material into cells. Current
viruses that are used as vectors include retroviruses, lentivi-
ruses, poxviruses, vaccinia viruses, rubella viruses, and ade-
noviruses. Genetically engineered adenovirus and
adenovirus-associated virus (AAV) are two common viral
vectors. They are suitable for a wide range of hosts and
can be targeted by gene recombination (Lai et al. 2002),
which can carry a relatively large exogenous gene fragment
for transient expression and are not integrated into the host
genome. These recombinant viral vectors are widely used in
gene therapy of tumors (Roth and Cristiano 1997; Choi et al.
2012) and other diseases.

Cardiac gene therapy using an AAV as a vector is becoming
a new platform for treating and even curing currently intrac-
table heart disease. Clinical trials and studies (Chamberlain
et al. 2017) have demonstrated significant advances in the
treatment of heart failure in preclinical animal models by
AAV gene therapy. Therefore, this treatment approach may
change the present treatments of heart disease.
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Duchenne muscular dystrophy (DMD) is an incurable X-
linked muscle wasting disease caused by a mutation in the
dystrophin gene. Clinical studies have shown that gene thera-
py by a highly functional dystrophin gene and recombinant
adeno-associated virus (rAAV) vectors is an attractive strategy
for the treatment of DMD. Systemic rAAV-cMDI1 transmis-
sion in large animal models of DMD is highly safe and effec-
tive (Le Guiner et al. 2017).

In neovascular age-related macular degeneration (nAMD),
long term expression of an anti-vascular endothelial growth
factor (VEGF) protein by gene therapy can improve the clin-
ical burden of chronic intravitreal therapy. A previous study
(Moore et al. 2017) has shown that AAV vectors can transduce
retinal pigment epithelial cells, and early phase application of
AAV2-delivered pigment epithelium-derived factor genes has
been used for treatment of advanced nAMD.

Viral vectors are widely used as gene therapy delivery
systems, and their transfection and expression efficiencies
are high. Many clinical reports have confirmed that viral
vectors are indeed an effective delivery tool. However, there
are still some disadvantages of viral vectors. Their immuno-
genicity and potential risk of mutation are major issues, mak-
ing them an unavoidable potential safety hazard. Moreover,
viral vectors lack targeting and have a limited length of
inserted DNA. Such problems need to be resolved by further
study. Therefore, the emergence of various non-viral vectors
has gradually become the mainstream of gene delivery
vectors.

1.2 Non-viral vectors
1.2.1 Cationic liposomes

Cationic liposomes have been used in the transfection of nucleic
acids for decades and are the most effective and least cytotoxic
non-viral gene delivery vectors (Felgner et al. 1987; Ewert et al.
2002) that include Dc-Chol/DOPE, cationic lipid bilayers, lipo-
some DOTAP, lipofectine, and pH-sensitive liposomes.

1.2.2 Delivery method

At physiological pH, the head group of positively charged
lipids interacts with the phosphate groups of negatively
charged nucleic acids to form a sandwich structure, in which
a plurality of liposome particles enclose nucleic acid mole-
cules. Some positively charged complexes are endocytosed
or fused with cell membranes by charge-to-charge interac-
tions. In endosomal environments, the neutral lipids in cat-
ionic liposomes undergo a conformational change that re-
sults in the release of complexes into the cytoplasm, thereby
avoiding the destruction of nucleic acids by lysosomes
(Hafez et al. 2001). Nucleic acids released into the cyto-
plasm unlock binding to cationic liposomes at a certain time
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Fig. 2 Liposomal structure (Kauffiman et al. 2016)

and enter the nucleus at the time of mitosis to express the
genes they carry. The liposomal structure is presented in
Fig. 2 (Kauffman et al. 2016).

1.2.3 Current research progress

Gao and Huang (1991) used a series of cholesterol derivatives
of positively charged lipids for nucleic acid transfection in
1991. Among them, DC-Chol is useful because of its high
delivery efficiency and low toxicity. Subsequently, cationic
liposomes of DC-Chol combined with neutral lipid DOPE
were successfully applied in a series of gene delivery experi-
ments including experimental animals and humans (Hui et al.
1997; Villaret et al. 2002).

In 2016, Chen et al. (2016) found that liposomal vectors
had an excellent loading capacity and protective effect on
siRNA. The in vitro cell transfection efficiency was almost
the same as commercially available Lipofectamine 2000.
They developed folate-decorated cationic liposomes (fc-LPs)
for hypoxia-inducible factor-1x (HIF-1) siRNA delivery
and evaluated the potential of such siRNA/liposome com-
plexes for malignant melanoma (MM) therapy. The study
demonstrated that siRNA-fc-LPs substantially reduced the
production of HIF-1«x-associated proteins and induced apo-
ptosis of hypoxia-tolerant melanoma cells, which might be
applicable as a siRNA delivery vehicle to systemically or top-
ically treat MM.

Ojeda et al. (2016) used three ionizable glycerol-based
cationic lipids containing a primary amine group (lipid 1),
triglycine group (lipid 2), and dimethylamino ethyl pen-
dent group (lipid 3) as polar head groups, which were a
part of niosomes. The structure is presented in Fig. 3. Upon
addition of the pCMS-EGFP plasmid, nioplexes were ob-
tained at various cationic lipid/DNA ratios (w/w) and then
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Fig. 3 Chemical structures of cationic lipids. Lipid 1: 2,3-Bis
(tetradecyloxy) propan-1-amine. Lipid 2: 2-Amino-N-(2,3-bis
(tetradecyloxy)propyl)carbamoyl)methyl) carbamoyl)methyl) acetamide.
Lipid 3: 1-(2-Dimethylaminoethyl)-3-[2,3-di (tetrade-.coxy)propyl] urea
(Ojeda et al. 2016).

transfected in different cell types. In vivo experiments of
the rat retina showed that after intravitreal and subretinal
injections together with cerebral cortex administration,
niosome formulations based on lipid 3 had promising
transfection efficiencies. These results provide new in-
sights into the development of non-viral vectors based on
cationic lipids and their applications for efficient delivery
of genetic material to the retina and brain.

To enhance transfection efficiency, Tao et al. used prot-
amine as a DNA-condensing agent to form liposome-
protamine-DNA (LPD) ternary complexes. They found that
the LPD complexes had a high transfection efficiency and low
cytotoxicity in vitro, and that the LPD vector enhanced the
transfection efficiency of CLs. HepG2 cells were found to
have very low expression levels of miR-145. Therefore, they
optimized a liposome-based delivery system for efficient de-
livery of miR-145 into cancer cells. This may provide the
foundation for further research into the use of miR-145 in
anticancer therapeutics (Tao et al. 2016). Their experimental
results are presented in Fig. 4.

1.2.4 Existing problems

Cationic liposomes have low cytotoxicity, structural diversi-
ty, controllable water and lipid solubilities, a proper density
and positive charge distribution, high transfer efficiency, and
potential targeting functions that make them an effective
means of gene delivery by a novel non-viral vector.
Among the current four L-arabinosyl cationic glycolipids
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Fig. 4 a Expression of miR-145
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(Ara-DiCI12MA, Ara-DiC14MA, Ara-DiC16MA, and Ara-
DiC18MA), Ara-DiC16MA liposomes have good transfec-
tion efficiency in HEK293, PC-3, and Mat cells. In addition,
they maintain low cytotoxicity and a better uptake capacity
in vitro, suggesting that Ara-DiC16MA liposomes will be an
effective vector for the delivery of low toxicity genes (Li
et al. 2017). However, only a small portion of the nucleic
acid can enter the nucleus after entering the cytoplasm via
the endocytic pathway. Because the volume is too large to
enter the nucleus through the nuclear pore complex, it de-
pends on the temporary disappearance of the nuclear mem-
brane during mitosis. Thus, how to effectively facilitate li-
posome entry into the nucleus has become a major issue for
their nucleic acid delivery.
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1.3 Cationic polyplexes

Currently, the widely used cationic polyplexes include
polyethylenimine PEI, polylysine PLL, poly 4-hydroxy-L-
proline ester, and PEI/PLA complex. Among them, PEI is a
new type of cationic polymer that has been recently used in the
study of gene carriers. It has shown an excellent transfection
ability in many gene therapy studies. The polycation structure
of PEI is very suitable for packaging nucleic acids. Each of the
three PEI monomers has a protonated amino nitrogen atom,
and multimeric PEI is called a “proton sponge” (Curiel and
Douglas 2002). These properties allow PEI to effectively pro-
tect the nucleic acid against degradation in the acidic environ-
ment of the endosome. In addition, PEI has a certain ability to
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destabilize the endosome membrane (Lieber et al. 1997). In
the PEI/PLA complex, PLA may act as a peptide that facili-
tates the release of the complex from the endosome into the
cytoplasm as soon as possible, reducing its destruction in the
lysosomal environment.

For gene therapy of cancer, there have been many reports
on the use of cationic polymers as delivery vehicles to effi-
ciently deliver siRNAs to target cells in vivo. A collagen hy-
drogel has been used as a carrier to test the feasibility of Id1-
targeting siRNA for local and sustained gastric cancer inhibi-
tion in vivo. To enhance siRNA delivery, PEI was used for
plaque modification. The results showed that the PEI-added
collagen hydrogel carrier promoted delivery of Id1-siRNA to
target cells, prolonged the silencing effect, and further
inhibited tumor growth in vitro and in vivo (Peng et al. 2016).

Activation of the HIV-1-infected host autophagy protein
Beclin 1 is an important mechanism to control HIV replication
and virus-induced inflammatory responses in microglia. In
2017, Rodriguez et al. (2017) studied the biodistribution and
efficacy of non-invasive intranasal delivery of the Beclin 1
gene in adult mouse brains using PEI as a gene carrier.
Intranasal delivery of siRNA targeted to Beclinl significantly
depleted target protein expression levels in brain tissue with-
out evidence of toxicity. Moreover, binding of the siRNA to
the PEI polymer was confirmed by Raman spectroscopy.
These results indicate that intranasal drug delivery allows di-
rect delivery of PEI-siRNAs to the central nervous system,
which provides an effective method of silencing gene-
mediated therapy in HIV-infected brains.

In 2016, Wang et al. (2016) replaced the primary amino
group of PEI with a neutral hydrazide group, resulting in a
new type of neutral polymer that not only showed good bio-
compatibility and cell internalization efficiency in vitro, but
also allowed tissue uptake in the zebrafish heart. Their exper-
imental results showed that the conversion of conventional
branched PEI to this new type of non-viral carrier neutral
polymer enables the delivery of siRNA molecules to be more
neutral, stable, and efficient, and the resulting functional de-
livery system can further expand the development of siRNA
therapeutics for the treatment of cardiovascular diseases.

Cationic polyplexes have the potential to be a good nucleic
acid delivery vehicle, but their inherent cytotoxicity cannot be
ignored. At present, the study of the exact intracellular process
of cationic polymer-mediated transfection is still in its infancy.
Furthermore, effectively reducing their cytotoxicity is a major
issue in current research.

1.4 Peptide protein delivery vector

Polypeptides are used as delivery vehicles, which can be used both
as modifiers for drug carriers and as main components of carriers.
The use of polypeptide-modified cationic polymers can increase
the tissue targeting, cell membrane permeability, and biological

activity of nucleic acid molecules. As a carrier, they are connected
to the drug in a covalent bond form with high stability and biode-
gradable, no toxicity, and good biocompatibility i vivo.

In 2017, Wan and Dai (2017) combined a multifunctional
peptide with a lipid to form a complex, namely lipid 1,2-
dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) with
well-defined synthetic multifunctional peptide binding. The
development of this delivery system has been optimized for
efficient gene delivery to breast cancer cells. The peptide/lipid
hybrid system is a preferred candidate for delivery of DNA or
siRNA into breast cancer cells, which can be used for the
targeted treatment of Bcl-2-overexpressing breast cancer.

Peptide-mediated nucleic acid drug delivery systems can
significantly improve the transmembrane properties and
targeting of drugs, reduce their toxic and side effects, and
enhance therapeutic efficacy, which have broad application
prospects in drug-targeted delivery. However, their prepara-
tion process as well as off-target and toxic side effects of
peptide carriers are issues that need to be resolved for the
application of nucleic acid drug delivery systems.

1.5 Other delivery vehicles
1.5.1 Cyclodextrin polymers

Cyclodextrin is a sugar polymer with good biocompatibility,
but the use of cyclodextrin carriers in vivo is limited by insta-
bility and aggregation at high salt concentrations. A cyclodex-
trin derivative can be used directly as a gene delivery vector,
or as a linker or modifier for the construction of other gene
delivery vectors. It can also be used for gene delivery in the
form of a pseudopolyrotaxane or polyrotaxane. A study has
shown (Hu-Lieskovan et al. 2005) that complexes of cyclo-
dextrin polymers containing transferrin and siRNAs can in-
hibit the growth of metastatic Ewing’s sarcoma in mice.

In 2016, Jiang et al. (2016) developed a supramolecular
host-polycation gene delivery system based on poly-f3-
cyclodextrin (PCD) and azobenzene-terminated polycations.
In vitro experiments showed that photo-sensitive supramolec-
ular polycationic polymers (PCD/Az-LPDM/DNA and PCD/
Az-BPDM/DNA) have high transfection efficiency and low
cytotoxicity. After UV irradiation, as more DNA is transferred
and released inside the cell nucleus, the transfection efficiency
of the photosensitizing supramolecular complex is increased
significantly. Therefore, light-responsive supramolecular
host-guest systems containing azobenzene-terminated cation-
ic polymers and PCDs are promising gene carriers.

In 2015, Li et al. (2015) developed a pH-sensitive arginine-
modified glucan gene vector. x-Cyclodextrin has an excellent
cell-penetrating ability when modified with arginine (CDR).
They chose glucan as the backbone and studies have shown
that CPP-based complexes with shelling polysaccharides may
be promising non-viral gene delivery vectors.

@ Springer
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Although cyclodextrin has a very broad application pros-
pect in the field of gene delivery, there are still problems
such as poor stability because of dilution in blood circula-
tion, a weak escape ability from endosomes, and low trans-
fection efficiency.

1.5.2 Cell-penetrating peptides (CPP)

Cell-penetrating peptides are short peptides capable of carry-
ing macromolecules into a cell, which themselves have the
ability to actively cross the cell membrane. This
transmembrane-crossing capability is not dependent on clas-
sical endocytosis. Carriers that have been used for intracellular
delivery of drugs can effectively deliver therapeutic sub-
stances such as DNA, siRNA, small molecule drugs, proteins,
and micelles into cells to exert therapeutic effects.

In 2016, Fan et al. (2017) studied the effects of the sodium
iodide transporter (NIS) cell-penetrating peptide on I-131 radio-
therapy of thyroid cancer. They combined the HIV-1 TAT pep-
tide (cell-penetrating peptide, dTAT) and established a nanopar-
ticle carrier (dTAT NP). dTAT NP-transfected TPC-1 cells were
used as a model to study the delivery efficiency of this cell-
penetrating strategy for tumor-targeted gene delivery.

However, because the application of CPP as a delivery
vehicle is complex and difficult to control, the issues of
uptake efficiency, bioavailability, and toxicity need to be
studied further.

1.5.3 Chitosan

Chitosan is a newly developed second-generation non-viral
vector consisting of cationic polymers, cationic liposomes,
and nucleic acids. The liposome/polymer/pDNA ternary com-
plex has a tightly compressed spherical structure and is poly-
morphic. The reason for the high transfection efficiency of this
novel composite carrier may be the precompression of DNA
by chitosan, which reduces the particle size of the carrier and
improves the binding ability to DNA. Spherical composites
have high stability due to low surface energy (Davis 2002).
Compared with PEI, chitosan has strong biological matching
low immunogenicity and cytotoxicity (Lee et al. 2003), and
high DNA compressibility. Compared with liposomes alone,
liposomal transfection efficiency is low and can cause cyto-
toxicity such as cell shrinkage and reduce mitosis (Mi-Kyung
et al. 2005). The constructed chitosan/liposomal/pDNA terna-
ry complex vector has the characteristics of high transfection
efficiency and low toxicity, and is a novel non-viral vector for
gene therapy.

1.5.4 Polyamide amine (PAMAM)

Because of the advantages of simple synthesis and
commercialization, PAMAM has become the most widely
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studied gene carrier for dendrimers. Studies have shown that
PAMAM promotes the entry of DNA into cells and facilitates
DNA escape from lysosomes. Modified PAMAM has a higher
transfection rate and is less toxic. Bielinska et al. (1997) found
that complexes of PAMAM and DNA protect DNA from nu-
clease degradation. However, there are problems with delivery
efficiency as well as cytotoxicity.

1.6 Nanomaterial delivery systems

Based on the advantages and disadvantages of the various
abovementioned gene delivery vectors and problems that still
to be solved at present, further research on new delivery vec-
tors has become important in the field of life sciences. In
recent years, with the continuous development of nanotech-
nology, nanomaterials have provided more options to deliver
nucleic acids into target cells.

1.6.1 Traditional Nanomaterials

When a material is nanoscale (0.1-100 nm), special properties
will occur. Nanomaterials are different from the original com-
position of atoms, molecules, and macroscopic materials.
They can easily enter organisms and provide enormous ad-
vantages to establish drug delivery systems. Various
nanomaterials of interest to researchers include liposomes
(Li and Szoka 2007; Yoshizawa et al. 2008), polymer nano-
structures (Gary et al. 2007; Pridgen et al. 2007), nanogold
(Patel et al. 2008; Giljohann et al. 2009), silicon nanomaterials
(Slowing et al. 2008), quantum dots (Li et al. 2011), magnetic
nanoparticles (Medarova et al. 2007; Dobson 2006), and car-
bon nanotubes (Bianco et al. 2005) that have become candi-
date materials for nucleic acid drug delivery systems because
of their unique properties.

The many advantages of a nanobiotechnology gene thera-
py vector systems provide a new technology platform for
targeted, intelligent delivery and efficient and controllable ex-
pression of target genes in gene therapy, which have good
application prospects. With the in-depth development of
nanobiotechnology and new nanobiomaterials, safe, efficient,
and controllable targeted nano-gene vectors will greatly im-
prove the efficacy of gene therapy.

1.6.2 Novel Nanomolecular delivery technology

A rosette nanotube (RNT) is a novel nanomolecule suitable
for multiple drug delivery. It has a good transmembrane trans-
port capacity. Structurally, an RNT is formed by a self-
arranged supramolecular mechanism, the basic structure of
which is a paired connection of guanine and cytosine. RNTs
have hollow channels that can be combined with drugs to
form a packaging system where drugs are packaged to com-
plete drug delivery. Moreover, its capsular shape can
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Fig.5 The single unit of K1 (G-C
motif conjugated to a lysine
amino acid) self-assembles into a
rosette ring (lower left) that stacks
up to form a stable RNT (right)
(Chen et al. 2011).

effectively protect unstable miRNAs and prevent their decom-
position (Journeay et al. 2008a).

The tubular structure of an RNT consists of primary struc-
ture lysine side chains and secondary structure hydrogen
bonds under a hydrophobic interaction, and it contains a hy-
drophobic group that can be neutral or negatively charged.
The molecules form a complex that better carries oligonucle-
otide molecules through the plasma membrane. The basic
mechanism of an RNT is shown in Fig. 5 (Chen et al. 2011).

The characteristics of an RNT are as follows: 1. RNTs are
easy to synthesize and their hydrophobicity causes rapid
self-assembly to form a ring-shaped nanotube; 2. The bio-
mimetic structure of nanomaterials makes them easy to ad-
here to cells; 3. The amino acid side chains can be regulated.
During use, the delivery function and targeting effect can be
adjusted by changing the amino acid side chains; 4. Their
function can be enhanced by the spatial distribution of the
side chains. These characteristics make RNTs an efficient
and reliable cell delivery vehicle.

Because of the hydrophobic nature of the RNT outer layer,
it has fairly good biocompatibility and cell affinity, and has
been successfully applied to the delivery of hydrophobic
drugs (Qiu etal. 2014). Chen and colleagues focused on trans-
membrane transport of tumor-targeted drugs and oligonucle-
otides by RNT materials. With the rise of tissue engineering
techniques for treatment of intervertebral disc degeneration,
methods are being developed to regulate the apoptosis of
chondrocytes in intervertebral disc tissue by various target
genes (Li et al. 2017). Apoptosis of nucleus pulposus cells
of the disc is regulated by miRNAs through triggering trans-
lational inhibition or RNA degradation to control gene expres-
sion (Zheng et al. 2015; Zhou et al. 2017; Mogensen et al.
2012). We speculated that the process of disc degeneration can

be controlled by specifically regulating miRNAs that play a
role in disc degeneration. Therefore, we assumed that RNTs
and oligonucleotides could form a nano-column structure,
which is called an RNT-siRNA complex, to compete with
miRNA through RNT complex loading technology. Its effec-
tive delivery would control the occurrence and development
of disc degeneration.

RNTs are produced synthetically (Fenniri et al. 2001) and
are assembled under physiological conditions. They have
been shown to have low toxicity (Journeay et al. 2008Db,
2008c¢) in vitro and in vivo. RNTs with a lysine side chain
undergo spontaneous self-assembly under physiological con-
ditions as shown in Fig. 6 (Chen et al. 2010).

2 Summary

Target genes, vectors, and target cells are the three elements of
gene therapy, and the construction of safe, effective, and control-
lable delivery vectors is crucial for gene therapy. With the initial
completion of the human genome project and the advances in
molecular virology and materials science, based on the original
viral vector, new non-viral gene delivery vectors are emerging.
The above examples are several kinds of delivery vectors
commonly used in gene therapy. In biological nucleic acid de-
livery systems, biological carriers (mainly viral carriers) and
non-biological carriers have their respective advantages and
disadvantages. Viral vectors are widely used, and their transfec-
tion and expression efficiencies are high, but the viral vectors
themselves have immunogenicity and the potential risk of mu-
tation, and there are potential safety hazards. Cationic lipo-
somes have been used in the transfection of nucleic acids for
decades and are one of the most effective and least cytotoxic
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Fig. 6 RNTs with a lysine side chain undergo spontaneous self-assembly under physiological conditions (Chen et al. 2010)

Table 1 Comparison of delivery vectors

Vectors

Advantage

Disadvantage

Application

viral vectors
(Mainly AAV and rAAV)

non-viral vectors  Cationic liposomes

cationic polyplexes

Peptide Protein
Delivery Vector

Cyclodextrin
polymers

Cell-penetrating
peptides (CPP)

Chitosan

PAMAM

RNT

Efficient transfection and
expression (Lai et al. 2002)

low cytotoxicity, structural
diversity, controllable water
solubility and lipid
solubility (Li et al. 2017)

excellent transfection ability
(Curiel and Douglas 2002;
Lieber et al. 1997)

high stability and
biodegradable, non-toxic
and good biocompatibility
in vivo. (Wan et al. 2017)

good biocompatibility
(Hu-Lieskovan et al. 2005)

the ability to actively cross the
cell membrane barrier
(Fan et al. 2017)

higher transfection efficiency,
strong biological matching,
low immunogenicity and
cytotoxicity (Mi-Kyung
et al. 2005)

simple synthesis and
commercialization
(Bielinska et al. 1997)

it has fairly good
biocompatibility and cell
affinity; low toxicity
(Journeay et al. 2008a)

Exiting safety hazard and lacking
targeting. (Lai et al. 2002)

Lack of effective mechanisms
to enter the nucleus
(Lietal. 2017)

inherent cytotoxicity
(Curiel and Douglas 2002;
Lieber et al. 1997)

Complex preparation process
(Wan et al. 2017)

poor stability of body circulation
dilution, weak escape ability of
endosomes, and low
transfection efficiency
(Hu-Lieskovan et al. 2005)

uptake efficiency, bioavailability
and toxicity (Fan et al. 2017)

The problems of
preparation process
(Mi-Kyung et al. 2005)

The problems of delivery
efficiency and cytotoxicity
(Bielinska et al. 1997)

Pending further study (Journeay
et al. 2008a)

Tumors and cardiovascular
diseases etc. (Roth and
Cristiano 1997; Choi et al.
2012; Chamberlain et al. 2017)

Lewis lung cancer, rat
hepatocellular carcinoma
(Chen et al. 2016)

the gene therapy of cancer and
cardiovascular diseases (Peng
etal. 2016; Wang et al. 2016)

Bcl-2 over-expressed breast can-
cer. (Wan et al. 2017)

has a very broad application
prospect in the field of gene
delivery (Jiang et al. 2016)

Tumor targeting gene delivery
(Fan et al. 2017)

It’s a novel non-viral vector
for gene therapy
(Mi-Kyung et al. 2005)

Cancer and other fields
(Bielinska et al. 1997)

the delivery of hydrophobic
drugs; the integration of
nanomolecular materials with
the development and
differentiation of chondrocytes
(Chen et al. 2011)
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non-viral gene delivery methods in current research. However,
there is no effective nuclear entry mechanism and their transfec-
tion efficiency has not been improved. Both PEI and PEI/PLA
complexes can efficiently deliver siRNA into the cytoplasm, but
their cytotoxicity cannot be ignored. Peptide-mediated nucleic
acid drug delivery systems can significantly improve the trans-
membrane permeability and targeting of drugs, reduce their tox-
ic and side effects, and enhance therapeutic efficacy, which have
broad application prospects in drug-targeted delivery systems.
However, the preparation process as well as off-target and toxic
side effects of peptide carriers are issues that need to be resolved
in the application of nucleic acid drug delivery systems.
Cyclodextrins have good biocompatibility, but there are still
problems such as poor stability by dilution in blood circulation,
a weak endosomal escape ability, and low transfection efficien-
cy. The chitosan/liposomal/pDNA ternary complex vector has
the characteristics of high efficiency and low toxicity in
transfected cells, and is a potential novel non-viral vector for
gene therapy. New nanomaterial delivery methods have gradu-
ally become the mainstream. The numerous advantages of
nanobiotechnology gene therapy vector systems provide a new
technology platform for the targeted, intelligent delivery and
efficient and controllable expression of target genes in gene
therapy, which have great application prospects. Some of the
abovementioned carriers are listed in Table 1 for comparison.
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